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Abstract 
The industrialization of Vietnam ensures the growth of the nation. This does not always positively affect environmental and social conditions. A 
key factor to cope with sustainability challenges is to raise the people’s awareness. The educational system can have tremendous influence on 
this.  
This paper gives an overview about existing educational structures in Vietnam and proposes a new curriculum for manufacturing education. The 
curriculum takes place at Vietnamese-German University and is supposed to attract students through its synergy between theory and practice. It 
aims to enhance both technical knowledge and sustainability aspects. Courses are designed for active and practice-based learning. Students 
analyse resource efficiency of industrial processes, learn how to reduce waste in a Learning Factory and develop sustainable business models. 
For its orientation in sustainability the program has received special attention from industrial companies, who expressed their need for graduates 
with novel qualification profiles. As a result, scholarships were offered to students studying this curriculum and more than 50% of the students 
of the first batch were recruited before finishing their studies. 
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1. Introduction 
Sustainability has its origin as a political concept from the 
Brundlant Report of 1987 [1]. According to the report, 
sustainability was considered to be about the tension between 
the aspirations of humans towards a better life on one side and 
a less negative impact on nature on the other side. Later, 
sustainable development was defined as a harmonic 
combination between social, economic and environmental 
aspects. In the World Summit on Sustainable Development 
(WSSD) in 2002, 85 countries showed their national strategies 
by implementing steps for sustainable development [2]. 
European countries were the outstanding practitioners 
compared to other regions. While developed nations seem to 
realize the critical role of sustainable development, this is an 
issue that has to be practiced more in developing countries. A 
summary from the Organization for Economic Cooperation and 
Development (OECD) in 2012 reported the advantages and 
challenges of green growth to developing countries [3]. The 
green growth transition not only reduces the poverty and 
improves people’s welfare but also tackles environmental 
problems such as resource scarcities and climate change. 
Therefore, it is crucial for developing countries to apply 
policies and methods for sustainable development. 
Vietnam is on its way transforming itself from a low income 
to a middle-income nation through fast industrialization and 
urbanization. However, associated with this progress are many 
negative effects that affect the environment. With the strong 
contribution to industrialization, the manufacturing sector 
releases high amounts of solid, liquid and gaseous waste 
substances, and also consumes considerable energy. In 2007, 
the energy consumption statistics showed that the non-OECD 
countries exceeded that of the OECD countries for the first time 
[4]. Many approaches have been devised to cope with these 
environmental burdens. In 1998, the Vietnam National Cleaner 
Production Centre was established in Hanoi and aimed to 
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provide training courses to clients in Vietnam [5]. In 2009, the 
Vietnam Green Purchasing Network (VNGPN) was 
established by Vietnam Productivity Center (VPC). The 
network aims to increase the awareness of people, at various 
levels of society, about consuming environmentally friendly 
products and promoting technological advances in research and 
production of green products [6]. In order to achieve the 
sustainable development goals, people’s awareness about 
sustainability has to be nurtured from an earlier stage of life, 
which is mostly done through education. The Declaration in 
World Conference on Education for Sustainable Development, 
taking place in Aichi-Nagoya, Japan, in November 2014, 
recognized that people are the center of sustainable 
development and the responsibility of building a green growth 
not only comes from government but also from academic 
communities [7]. Various aspects of scientific research have 
been conducted in higher education for sustainability, such as 
affective learning outcomes and transformative sustainability 
learning [8, 9]. Sustainability aspects are also made tangible to 
students via a real case study that happens in their daily life 
[10]. Therefore, education for sustainability is very important 
for learners to develop their knowledge, skills, attitudes, 
competencies and values toward sustainable development [7]. 
From the engineering perspective, it is crucial to educate 
prospective engineers not only in technical knowledge but also 
in the understanding about the importance of sustainability in 
the manufacturing and industrial sectors. This paper reviews 
the demands of selected notable industrial companies in 
Vietnam on sustainable manufacturing. After that, engineering 
curricula from top universities in Vietnam are studied in term 
of sustainability aspects. The results show that the curricula 
studied only offers students technical knowledge that would 
not be able to meet the sustainability needs for industrial 
companies. Based on that, a new engineering curriculum is 
proposed and applied to the Master degree of Global 
Production Engineering and Management at Vietnamese-
German University. Students are instructed in both technical 
contents and cutting edge sustainability practices via the first 
Learning Factory in Vietnam. The Learning Factory simulates 
a real production line which starts from a raw material 
warehouse, passes through various machining steps and then 
gathers at the packaging stage. The curriculum contains courses 
that orient the students toward a sustainable manufacturing 
system. Some examples of these courses are Sustainable Life 
Cycle Assessment, Lean Management, Sustainable 
Manufacturing and Resource Efficiency and Production 
Planning and Scheduling, Machining Tools. 
2. Industrial orientation towards sustainable 
manufacturing 
Product expectations of customers in many industrialized 
countries move towards a more environmentally and socially 
benign consumption, including interest in the conditions under 
which the products were created [11]. Western companies 
recognize this trend and demand that their manufacturing sites 
and their suppliers invest in sustainable manufacturing [12-17].  
Bosch Group, a German high-tech company in automobile 
equipment and mechanical parts manufacturer, points out that 
conserving resources is a central task of the company [14]. 
Plans and projects have been deployed throughout all Bosch 
factories over the world. These plans include the intelligent 
water management in Korea, the raw materials recycling 
program in U.K and the intelligent combination between heat 
and power in Scotland. The company also increases the 
awareness of their staff by encouraging them to go to work by 
eco-friendly means of transportation. Moreover, they are 
committed to human rights and working standards by series of 
principles such as uphold freedom association, the elimination 
of all forced labor, an end to child labor and the elimination of 
discrimination. Like Bosch, the Piaggio Group and Samsung 
Electronics reported their achievements and defined future 
targets toward a more sustainable manufacturing in their own 
Sustainability Report [17] or Corporation Responsibility 
Report [16].  
In addition, manufacturers with low investment 
characteristics and a less developed state of technology and 
automation aspire to sustainable manufacturing. Puma 
announced in their Sustainability Scorecard the targets they 
desire to reach [15]. The environmental key performance 
indicators comprise CO2, water and waste generated by their 
supplier factories. The ambitious target is to reduce 25% of 
waste generation and energy consumption by 2015. 
Furthermore, specific programs, such as overtime working 
hours management, handling harassment complaints and 
freedom of association, have been carried out in order to 
maintain and improve a fairer and better working environment. 
Puma wants 90% of their products to be delivered by factories 
that meet their sustainable requirement standards. Likewise, 
NIKE aims to reduce the CO2 emission per unit by 20% by the 
end of 2015 [13]. They have achieved that 72% of footwear 
suppliers satisfied the NIKE Energy and Carbon Program by 
2013. To supporting local communities NIKE invested about 
1.6% of pre-tax income in societal causes. They also plan to 
integrate sustainability in their business model, operation and 
culture. Similarly, adidas-Group launched their Green 
Company project in 2008, with main targets in substantially 
reducing the waste generation and energy consumption. 
Specifically, by the end of 2014 49 sites of adidas-Group 
achieved the 2015 targets, which are reduction of 20% water 
consumption and 32.3% paper use per person. At the same 
time, adidas-Group also showed their attention to social 
responsibilities by providing a hotline to receive workers’ 
concerns, consideration of fair wages and protecting human 
rights of their workforce [12].  
But most the above reported activities do not always take 
place at the factory or supplier level in emerging countries. 
Work accidents, like in the garment industry in Bangladesh in 
2013 [18], show that in many branches there is still a need for 
drastic improvement of work conditions in emerging countries. 
Many manufacturing sites struggle to deal with sustainability 
because they are under constant pressure to save costs and 
avoid additional investments. But the aforementioned reporting 
initiatives show that the awareness and the need for action 
slowly shift to the “low-cost production sites” in emerging 
countries [19]. Sustainability-oriented manufacturing is 
recognized as one of the most critical development strategies 
and policies in Vietnam´s industry because it can have 
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tremendous impacts on competitiveness [20]. One of the key 
obstacles for companies becomes hiring staff who are able to 
actively change the work environments.  
3. Production engineering education in Vietnam 
Sustainability becomes an increasingly important indicator 
in evaluating a company’s management and organization 
ability [21]. However, if companies want to transfer to a new 
business strategy that is oriented towards sustainability, related 
awareness and knowledge has to be trained on all company 
levels and areas. This causes increased efforts for training. In 
addition to training existing employees, companies need new 
employees with qualification in sustainable technologies, who 
can act as agents of change. Colleges and universities are the 
main suppliers for the labor market in human resources. 
Therefore, academic institutions have the responsibility to 
update their curricula to provide prospective engineers with 
both technical knowledge and understanding of sustainability.  
Vietnamese tertiary educational system offers wide range of 
curricula in the field of manufacturing. In general, technical 
universities in Vietnam offer a four-year programs in bachelor 
degree and two-year programs in master degree. Academic 
curricula are selected from three renowned universities which 
are Ha Noi University of Science and Technology (HUST) 
[22], Ho Chi Minh City University of Technology (HCMUT) 
[23] and Ho Chi Minh City University of Technology and 
Education (HCMUTE) [24]. In bachelor degree, the first year 
or foundation year normally is for studying fundamental 
natural science courses such as Physics, Chemistry or 
Advanced Mathematics. The last three years will be dedicated 
to their knowledge acquisition in the field of technology. In 
master degree, advanced knowledge is instructed by doing 
research or via extended courses at a high specific level. For 
example, Mechanical Engineering programs offered by the 
three universities HUST, HCMUT and HCMUTE comprise 
similar courses. Fundamental knowledge in mechanics, 
machining tools, machine elements, advanced manufacturing 
technologies and automation. At the end of the program, 
students are required to complete a bachelor thesis which partly 
or mostly reflects knowledge and skills acquired during their 
study. Qualification related to sustainable manufacturing does 
not belong to main learning outcomes of these programs. 
Therefore, graduated students may have good knowledge and 
technical skills but lack understanding and awareness of 
sustainable manufacturing. Similarly, the production 
management or industrial management bachelor programs 
propose curricula with courses focusing on management and 
economics background. Study courses comprise quality 
management, supply chain management, lean manufacturing, 
economics, strategic management and management 
information system. An explicit sustainability orientation 
beyond avoidance of wasted resources is usually not 
recognized. As a result, these graduates may underestimate the 
vital role of sustainability in deploying business and 
manufacturing strategies to their companies. 
4. Production Engineering study program at Vietnamese-
German University 
Global Production Engineering and Management (GPEM) 
is a Master program provided by Technische Universität Berlin 
(TU Berlin), Germany and the Vietnamese-German University 
(VGU), Vietnam [25]. The program focuses on courses built on 
real demands of manufacturing industry. Industrial partners 
show their interests on the program through cooperation and 
sponsorship. Leonardo Group in Germany sponsors GPEM 
with the provision of a Lean factory. Full scholarships for 
students are provided by Adidas Group, Bosch and Hinrich 
Foundation. In addition, GPEM aims to develop the 
prospective Mold Making Training Center with DMG Mori or 
MTM Associates in Vietnam. With these actions, GPEM wants 
to increase internal capabilities in order to educate future 
managers with strong technological background for sustainable 
value creation. 
 
4.1. Sustainability teaching 
 
The curriculum is adapted from the Global Production 
Engineering Master Program of TU Berlin and adjusted to fit 
with Vietnamese industrial demands. The study program is 
structured in four semesters as Fig. 1 shows. 
 
 
 
Figure 1: GPEM Master program curriculum 
 
The courses highlighted in green color have content 
explicitly for learning outcomes for sustainability. About 25 
credit points out of 100 credit points total include explicit 
learning outcomes to increase the awareness and understanding 
about sustainability. A flying faculty with teachers from 
leading institutions in production management and sustainable 
manufacturing ensure the educational quality.  
 
4.1.1. Current class structure  
 
Sustainable Life Cycle Assessment: This course provides 
students with a general picture of sustainability concepts and 
specific strategies to implement and indicators to measure 
sustainability. Students are introduced to Life Cycle 
Assessment (LCA) and Life Cycle-Costing (LCC). As a result 
they will gain understanding of sustainability, which will be a 
strong foundation for other sustainability-oriented modules. 
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Industrial Sustainability: The course aims to develop 
students’ knowledge and competencies needed to understand 
sustainability concepts (economic, environment and social 
responsibilities) and some philosophical elements of the 
sustainability debate (egocentrism vs. anthropocentrism). 
Moreover, students learn about how to assess, manage, plan, 
execute and follow up the effects of measures related to product 
design, manufacturing processes and business models. 
Methods Time Measurement (MTM): The aims of this course 
are to equip students with basic techniques for production time 
measurement and how to design an ergonomic workplace for 
the ease of workers’ operation. By applying MTM, 
productivity and also the working environment for the 
operators are improved. An optimized and accurate time study 
for each process will benefit production planning, increase 
productivity and reduce working hours, especially overtime to 
the workforce; therefore, it will contribute to the social 
compliance of the companies. 
Lean Management: Production waste varies from non-value 
added workload, unnecessary transportation, scrap to 
overproduction or excessive inventory. Regarding 
sustainability perspectives, lean management systems reduce 
material waste and create less environmental burdens. High 
value-added process time and good ergonomic work design is 
taught. 
 
4.1.2. Project-based learning 
 
All students need to do at least 5% and can do up to 40% of 
their studies in projects. With this the holistic competence 
development of students, especially towards social 
competence, can be supported [26]. Projects with sustainability 
topics have the particular chance to combine factual learning, 
while developing correct beliefs and attitudes [27]. The cultural 
learning the students undergo in such projects helps them to 
reflect on different stakeholder perspectives and opposing 
objectives.  
Students often do such projects with industrial partners in 
order to immerge in a real manufacturing environment. 
Students need to use knowledge and skills gained from school 
to solve the specific tasks of real production situations. At the 
end of the project, students report about their work, 
achievement and learning outcomes. In this report students 
should also describe what sustainability strategies, plans, 
projects or demands they have observed from the companies. 
They also report about cultural challenges, differing interests 
they were facing and how improvement could happen. 
Apart from projects, in the fourth semester, students spend 
from two to twelve weeks doing their internship and around 
three months for their Master thesis. GPEM program 
encourages students to carry out their thesis on a problem from 
industry rather than academia. Thesis topics vary from 
technology development to production management and 
sustainable manufacturing. 
 
4.2. Learning Factory 
 
Learning Factory is a real learning environment that 
proposes to students a realistic manufacturing and production 
process [28]. Typically, Learning Factory involves all stages of 
normal production lines such as raw material warehouse, 
machining process, assembly process, logistics, and 
information flow. Wagner et al. [28] investigated the state of 
the art of existing Learning Factories and proposed a novel 
scheme for classifications of changeable and reconfigurable 
manufacturing systems. The Learning Factories at Technische 
Universität Darmstadt [29], Leibniz University Hannover [30] 
or Technische Universität München [31] are mainly used for 
training factory operations like lean production, change 
management and energy productivity. The importance of 
Learning Factory is to transfer educational objectives not in a 
knowledge-oriented but in an action-oriented manner. This is a 
prerequisite condition to acquire professional competencies 
due to its real working environment simulation. Competences 
empower engineers to innovate and change existing value 
creations [32]. Therefore the competence development 
approach is crucial for sustainable development [33]. 
In Vietnam, the Learning Factory concept has not been 
introduced in tertiary universities and institutions so far. This 
is due to the high investment cost needed for equipment and 
operation of Learning Factories [28]. The GPEM Master 
program at Vietnamese-German University developed a first 
Learning Factory model for Vietnam, which should take such 
obstacles into account. The Learning Factory composes two 
sub-factories, which are a manufacturing line and an assembly 
line. As prototypical product in the production line a trolley 
was chosen, because the product involves many stages of 
machining technologies with an acceptable complexity of 
design. The first sub-factory is designed for producing plastic 
wheels of the trolley by employing a series of high-end 
machines like computerized numerical control (CNC) turning 
and milling centers, profile and surface grinding machine, 
injection molding machine and wire-electronic discharge 
machine (W-EDM). Students will be trained about technical 
skills in mold design via Computer Aided Design (CAD) and 
machining tools operation.  
The planning procedure is finalized, but due to the variety 
of equipment needed and a complex procurement procedure 
with World Bank funding, some parts will need some more 
time to be delivered. The manufacturing line is expected to be 
ready at the end of 2015. The assembly section of the Lean 
Factory was established on December 6th 2014. It is 
collaboration between Leonardo Group GbmH, an 
international consulting company, and the Technische 
Universität Berlin and VGU. The Lean Factory provides 
students with methods and tools for reducing production waste 
in a real manufacturing system. Students also obtain knowledge 
about how to manage their companies’ resource efficiently and 
organize their factory for a better working environment to the 
workers [34]. 
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Figure 2: Lean Factory at GPEM program, Vietnamese-German University 
 
4.3. Students awareness 
 
As illustrated in Fig 1, curriculum of the GPEM master 
program composes of several modules integrating production 
knowledge and skills with sustainability awareness. A survey 
has been conducted for the GPEM intake 2013 and 2014. 
Students were asked about their understanding and personal 
perspectives of sustainable manufacturing.  
 
 
 
Figure 3: Students’ understanding of sustainable development 
 
Fig 3 shows that students roughly understood what 
sustainable development is. About 84% of them answered that 
it is a harmonious combination between 3 aspects: economics, 
environment and social responsibilities while 9% of them 
seemed to link sustainability to the reduction of environmental 
issues only. In addition, when they were asked about 
sustainability category in a manufacturing system, 90% of the 
responses supposed that it is important to be sustainable in the 
modern production environment. The survey also showed 
responses about the influence of works on different hierarchical 
levels to a sustainable manufacturing system. Management 
teams (e.g. production/department managers) were supposed to 
have the most influential role, as they have to take 
responsibility for all duties from sustainability strategies 
deployment to implementation and staff motivation. 
Supervisors are considered to be important to implement, 
maintain and develop sustainability plans and projects. 
Operators are the least influential level in relation to sustainable 
manufacturing, since their main task has to do with production 
activities. 
 
 
 
Figure 4: Responses about the necessity for production staffs to understand 
sustainability aspects 
 
Figure 4 indicates that the more responsibility the people 
have, the more knowledge about sustainability they need. 81% 
of students answered that qualification in sustainability is a 
basic need for production managers. Most of interviewed 
students said that they were satisfied with the high amount of 
sustainability aspects integrated in GPEM curriculum. 
 
4.4. Outlook and future development 
 
Future quantitative analyses are expected to be carried out 
with more local industrial companies to have a broader picture 
of sustainable manufacturing status in Vietnam. At the 
moment, development of courses is based on GPE’s curriculum 
structure of TU Berlin and qualitative interviews with 
companies from Vietnamese industry. Proposed study courses 
are described below: 
Resource Efficiency: the course is conducted by letting 
students play a “Resource Efficiency Learning Game” [35]. 
Students will build up their own resource efficiency business 
in producing “Scooters” for various markets. The final product 
will be assessed by the referees based on sustainability credits 
such as ECO (economical), ENV (environmental) and SO 
(social). Via this game, students can learn how to design a 
sustainable scooter production. The expected learning 
outcomes are to increase students’ awareness of sustainability 
aspects. 
Energy Efficiency in Machining Tools: Normally 
Machining Tools module aims to provide students deep 
understanding of various types of machining processes. 
Extended content in Energy Efficiency in this course will give 
the students concepts in optimizing process parameters in order 
to achieve an energy efficient manufacturing system. Via the 
Learning Factory at VGU, students will learn how to assess 
specific machining processes in terms of energy consumption, 
which is a critical issue in modern manufacturing environment. 
5. Summary and conclusion 
By investigating selective well known manufacturers 
coming from different industrial sectors and reviewing the 
current engineering education in Vietnam, the authors realize 
there is an urgent need for a qualified workforce with high 
competencies in both technology and sustainability knowledge. 
Hence, VGU tries to enhance the awareness and understanding 
of students of sustainable manufacturing by integrating 
sustainability aspects into its master program curriculum. 
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Teaching courses are designed and conducted by renowned 
lecturers and experts in the field of sustainable manufacturing. 
A survey showed students’ awareness and understanding of 
sustainability. Students were asked to determine the 
importance of their acquired knowledge in regards to 
production environments. The learning outcomes were positive 
as most of students felt satisfied with the practice of the 
program and prefer to have more similar courses in the future. 
This paper proposes a sustainability-oriented qualification 
for production engineers which have been realized in the 
GPEM curriculum. There is no holistic market analysis at the 
moment but qualitative interviews with companies. Therefore, 
the program needs a long term observation in order to be able 
to validate its efficacy. However, as the first university in 
Vietnam to pioneer a sustainability-oriented curriculum, the 
authors want to draw the attention of academia toward the 
necessity of sustainability orientation in production and 
engineering education. 
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